We performed a 24 µm 2
Introduction
After a few hundred million years, a planetary system is expected to have assumed its final configuration and has either set the stage for life, or will probably remain barren forever. It is difficult to probe this era. Most of its traces have been obliterated in the Solar System. Only a minority of the nearby stars are so young. Even for them, planets -and particularly those in the terrestrial planet/asteroidal region -are faint and are lost in the glare of their central stars. However, when bodies in this zone collide, they initiate cascades of further collisions among the debris and between it and other members of the system, eventually grinding a significant amount of material into dust grains distributed in a so-called debris disk. Because the grains have larger surface area per unit mass compared to larger bodies, they (re)radiate more energy and therefore are more easily detected in the IR compared to their parent bodies. By studying this signal, we can probe the evolution of other planetary systems through this early, critical stage.
Debris disks are found around stars generally older than ∼10 Myr, with no signs of gas accretion (as judged from the absence of emission lines or UV excess) (Lagrange, Backman, & Artymowicz 2000; Hillenbrand 2005 ). In the absence of gas drag, a 10 micron-size dust grain from the primordial, protoplanetary nebula cannot survive longer than ∼ 1 Myr within 10 AU of a star due to a number of clearing processes, like sublimation, radiation pressure, Poynting-Robertson and stellar wind drag (Backman & Paresce 1993; Chen et al. 2005a) . Therefore, any main sequence star older than 10 Myr with an infrared excess is a candidate to have circumstellar material supplied through debris disk processes.
In our Solar System there are two main sources of dust: colliding asteroids and evaporating comets. The dust (grains < 1 mm in size) is concentrated in two belts -the asteroid belt at 2-3.5 AU, L dust = 10 −7 L ⊙ , T dust = 150 − 200 K, M dust = 10 −8 M ⊕ (Low et al. 1984; Dermott et al. 2002; Hahn et al. 2002) ; and the Kuiper belt at 30-50 AU, L dust = 10 −7 L ⊙ , T dust = 40 − 100 K, M dust = 10 −5 M ⊕ (Backman, Dasgupta & Stencel 1995; Morbidelli, Brown, & Levison 2003) . Asteroid collisions that produce warm dust are driven by perturbations by planets, a process that has cleared most of the interplanetary material from the inner 30 AU of the system. In contrast, there is substantial mass in the Kuiper Belt, concentrated in reasonably stable structures controlled by giant planets (Liou & Zook 1999; Moro-Martín & Malhotra 2002) . Similarly, rings, blobs, warps and other non-uniformities are frequently observed in the spatially resolved images of nearby extrasolar debris disks and inferred from the spectral energy distributions in the distant unresolved disks, implying the presence of planetary mass bodies in these systems.
The first debris disks were discovered by IRAS in the 1980s. Only a handful of nearby ones have been resolved in optical and near-IR scattered light or detected in submm thermal emission; ISO has extended the IRAS results, but only to a modest extent (e.g., Laureijs et al. 2002) . The limited sensitivity of IRAS and ISO and the even more severe limitations of other methods have prevented a complete census, particularly to photospheric emission levels. In addition, some alleged disks have been confused with background objects or cirrus in the large beam of IRAS. The attempt to assess the percentage of stars with debris-disk emission therefore appeared premature from pre-Spitzer data (Zuckerman 2001) .
With superior sensitivity and a smaller beam size, Spitzer is providing many new insights to debris disk behavior. For example, Rieke et al. (2005) demonstrated both the overall decline of debris disks with age (first noted in Holland et al. (1998) ; Spangler et al. (2001) ) and the large scatter of disk properties at any given age (as previously noted in Decin et al. (2003) ). By probing excesses to within 25% of the photospheric emission, Rieke et al. (2005) found a surprising number of non-excess stars even at ages as young as 10 -20 Myr, implying very rapid clearing of the inner 10 − 60AU region in these systems.
The study of Rieke et al. was purposely confined to A stars, with masses ∼ 2.5M ⊙ . It poses the question of whether the same patterns of disk evolution hold for less massive stars, especially in the solar mass range -spectral types FGK. The study of excesses in young solar analogs could corroborate lunar geological evidence of the bombardment history in the Solar System. Two major surveys of solar type stars in the field are under way with Spitzer -the solar star survey by the MIPS GTO team, searching for disks around ∼150 field stars within 25 pc , and the Legacy survey by the FEPS group, searching for disks around ∼330 stars, both field and members of nearby open clusters and associations (Meyer et al. 2004 ). Interpretation of these surveys is still in progress; nevertheless, preliminary results indicate that among solar analogs typically older than 1 Gyr ∼10-15% have excess emission at 70 µm, indicative of Kuiper Belt analogs ∼10-100 times more massive than in the Solar System (Kim et al. 2005; Bryden et al. 2006) . On the other hand, 24 µm excesses that would be indicative of massive zodiacal belts are much more rare around these stars -∼1% (Beichman et al. 2005 (Beichman et al. , 2006 .
To explore younger systems with good number statistics and small uncertainties in age determination, an open cluster survey has been initiated by the MIPS and IRAC GTO groups. The first clusters studied in this program were the 25-35 Myr old NGC 2547 (Young et al. 2004) and the 60-100 Myr old M47 (NGC 2422) (Gorlova et al. 2004) . At 24 µm photospheres were detected in NGC 2547 down to mid-F and in M 47 to early G spectral types, beginning to probe disks in the solar-mass regime. A decrease with age in both the amount and the fraction of excess (from ∼40% to 25%) is indicated for B-A stars between the two clusters (as included in Rieke et al. 2005) . For F-K stars a similar trend is only suggested: quantitative estimates are impossible because photospheres start dropping below the detection limit. Thus, it is not clear whether the high incidence of 24 µm excesses around A stars is a product of their high luminosities and efficiency in heating dust, or simply results because they are by definition relatively young (< 1 Gyr).
To probe the evolution of debris disks around solar-mass stars, we have investigated the Pleiades. The Pleiades is one of the best studied clusters with membership extending into the substellar regime (e.g., Moraux et al. 2003; Pinfield et al. 2003) . At 24 µm Spitzer is potentially sensitive enough to detect photospheres in this cluster down to early M spectral type. To exploit these advantages, one must contend with an interstellar cloud of gas and dust, whose thermal emission beyond 10 µm dominates over starlight in the South-West part of the cluster. There is no consistent picture of the structure and kinematics of this nebulosity, except that it might be a part of the ∼10 Myr Taurus-Auriga starforming complex through or behind which the Pleiades happens to be passing at the present epoch (e.g., Breger 1987) . Recent studies however agree that at least some of the material is located within the cluster and possibly interacts with the brightest members (Gibson & Nordsieck 2003; White 2003) . Dust in the molecular cloud is sheared by the radiation pressure and assembles into filaments that wrap around stars, forming a characteristic pattern of reflection nebulosity known as the "Pleiades phenomenon" (Arny 1977; Herbig & Simon 2001) . The unresolved thermal emission from the interstellar dust shell can mimic emission from a debris disk, as was for example demonstrated with coronagraphic imaging of the IRAS-selected Vegalike stars by Kalas et al. (2002) . Special measures were undertaken in our survey to avoid confusion with interstellar dust ( §2,3).
Pre-Spitzer IR and submm (Zuckerman & Becklin 1993) searches for Pleiades disks were largely unsuccessful. The few reported detections by IRAS (Castelaz, Sellgren, & Werner 1987) and MSX (Kraemer et al. 2003) concern the brightest B type members, which we find to be either surrounded by heavy cirrus or emission line stars with gaseous disks. Spangler et al. (2001) observed 14 low mass members with ISO, and claim detection (and excesses) at 60 and/or 90 µm in the two G0 and K2 members HII 1132 and HII 3163. The fractional dust luminosity in these stars, if accurate, is unusually high -about 10 −2 , comparable to the transitional disks found around 10 Myr-old stars. Unfortunately both stars are outside of our Spitzer fields. Recently Stauffer et al. (2005) within the framework of the FEPS project investigated 19 solar-type members outside of the cluster core. They found excess emission at 24 µm at levels up to 40% above the photosphere in a few members. Compared to the FEPS study, ours is centered on the cluster core, covers a larger area, and considers all members independent of spectral type or binarity. It is a magnitude-and background-limited survey based on the membership derived from the optical studies. For the first time, it provides adequate number statistics to constrain the disk incidence around Pleiades members similar in mass to the Sun.
Observations and Data Reduction
The Pleiades were imaged with the MIPS instrument in the scan map mode with halfpixel subsampling (Rieke et al. 2004) . One area of size 90 ′ × 60 ′ was centered on the cluster core, as defined by the "seven sisters" (the brightest B-type members) and the associated reflection nebula. It was observed in two segments in February 2004. Another field of size
75
′ × 45 ′ , centered approximately 75 ′ North of the cluster core, was observed in September 2004. All the observations were done using medium scan mode with half-array cross-scan overlap, resulting in a total effective exposure time per point at 24 µm of 80 seconds. The 24 µm images were processed using the MIPS instrument team Data Analysis Tool, which calibrates the data and applies a distortion correction to each individual exposure (Gordon et al. 2005) . We further applied a column-dependent median subtraction routine to remove a small residual dark latent pattern from individual images before combining into a final mosaic. Data at 70 and 160 µm were taken simultaneously; however, the images yielded no detections of interest to this study because of the sensitivity limits and strong background cirrus, and we will not discuss them further.
The thermal emission from the nebula is strongest in the West side of the cluster, where the ISM cloud is of highest density as indicated by the enhanced extinction, polarization and detection of CO gas (Breger 1987) . This highly non-uniform nebulosity limits our ability to perform photometry on the faint sources in the central field to only those that are situated in the clean gaps between the the bright filaments. The Northern field contains fewer members, being further from the cluster core, but it has the most uniform background. We performed photometry independently on each field, which allowed us to evaluate the uncertainty of our photometry based on the objects from the overlapping regions ∼ 5 ′ -wide. The full area of our survey is shown in Fig. 1 . The image was created by merging all three fields with the iraf task imcombine, after applying appropriate offsets to account for the different levels of zodiacal light in each field. Stars marked in the figure outside the map boundaries are from Stauffer et al. (2005) .
The complicated background required an investigation of the optimum way of doing photometry. We carried out two tests to find parameters that provide the most accurate results for aperture and PSF-fitting photometry. Standard iraf tasks phot and allstar from the daophot package were used. The first test compared the difference between the input and the recovered flux of artificial stars, inserted into different background environments (using task addstar). The second test looked at the tightness of the locus of the cluster members on the J-H vs. K-[24] diagram. For the non-excess stars, we assumed that the dispersion is dominated by the measurement errors in the 24 µm flux, since reddening is negligible at these wavelengths. We tried a range of aperture radii starting with the HWHM of the MIPS beam of 2.3 interpolated pixels (1 pixel = 1.247 ′′ ), and a range of sky annuli centered at the first Airy ring at 7 pixels. We finally adopted PSF-fitting photometry with a small value for the fitting radius of 3 pixels and a close sky annulus with inner and outer radii of 5 and 10 pixels respectively. The PSF template for all three fields was constructed from 9 stars in the North field, carefully selected to be in the regions clear of nebulosity and to have a representative range of magnitudes. As a check, another PSF was created from 7 'clean' stars eastward from the cluster center. Magnitudes of the PSF stars measured with both PSFs agree to within 0.01 mag.
To determine an aperture correction, we compared magnitudes within an aperture radius of 3.5 pixels for the 9 PSF stars performed with our adopted PSF-fitting photometry to the aperture photometry with parameters that would normally be used on a uniform background -aperture radius equal to the FWHM of the beam (4.6 pixels), sky annulus beyond the first Airy ring (12 and 18 pixels for the inner and outer radii), and aperture correction of 0.68 mag from 4.6 pixels to infinity (as established by the MIPS team based on the STinyTim simulated PSF). The resulting aperture correction for our Pleiades-customized PSF-fitting photometry is 0.89 mag. Finally, to translate fluxes in number counts into 24 µm magnitudes, we use a conversion factor of 1. We conclude that the random error of our 24 µm photometry is about 5% for objects brighter than ∼2 mJy in the clean regions of the sky, which is consistent with the scatter seen in the K-[24] color of the non-excess members ( §4). The systematic error in our data calibration is of similar magnitude (few percent), consistent with comparisons of objects common to other independent studies.
Sample
We measured the 24 µm fluxes of the Pleiades members as follows. Using the daophot task find and visual inspection, for each MIPS field we constructed an initial coordinate list for all discernible point-like sources. Task phot provided initial aperture photometry, which served as input for the PSF-fitting photometry with allstar. Task allstar was executed with the recentering option turned on. Next, the allstar coordinates were correlated with the 2MASS point-source catalog, with a search radius of 2.5 ′′ . Using the 2MASS designations, we identified Pleiades members using an on-line catalog of the highly probable members maintained by J. Stauffer. Tables 1 and 2 summarize our measurements as well as some catalog properties for these sources. The information on binarity was supplemented with data from Liu, Janes, & Bania (1991) and Raboud & Mermilliod (1998) . Table 2 also contains measurements from Stauffer et al. (2005) for 13 members outside of our field of view.
Meaningful PSF photometry cannot be performed if the sky level is highly variable within the fitting region, or if the object's shape deviates significantly from an Airy function with the adopted FWHM. Also compact cirrus falling within the 6 ′′ MIPS beam (corresponding to 800 AU at the Pleiades distance of 133 pc) can mimic radiation from an unresolved debris disk. To exclude ambiguity in the photometry, we examined the image of every detected member. We designate as problematic objects having either a non-uniform (filamentary or curved) background within ∼ 15 pixels of the target (1.5 times the region of sky fitting) or a bright companion contaminating the target aperture. For the sources that passed this test, we generated radial profiles and rejected any with FWHM 5 pixels (6.2 ′′ ). These problematic sources are listed in Table 1 and examples are shown in Fig. 2 ; in Figs. 1 (except for Be stars) and 3 they are designated by asterisks. Most of them cluster around the ridge of dense ISM cloud in the West part. For a number of them (highlighted in bold in Table 1 ) the formal procedure of PSF-fitting indicates considerable excesses. Whether these excesses are real and due to debris disks or an artifact of cirrus contamination remains to be seen with better resolution. The analysis presented in the rest of the paper only deals with members that passed the above contamination test. These 'clean' sources are shown in Table 2 and in Fig. 4 .
As a measure of the 24 µm excess we use a K−[24] color (where K is a 2MASS K S ). Since there is no NIR excess, as expected for stars of age ∼100 Myr, the K band flux represents the photospheric flux. K band is the least affected by reddening of the three 2MASS bands. On average, the extinction toward the Pleiades is small, < A V >≈ 0.1 mag. However, it may exceed 1 mag in the South-West, the densest part of the interstellar cloud (Breger 1986 (Breger , 1987 Stauffer & Hartmann 1987; Gibson & Nordsieck 2003) , resulting in ∆K > 0.1 mag. Considering that this is above the uncertainty of our photometry, red K − [24] color due to obscuration may be misinterpreted as a weak 24 µm excess. Therefore, we corrected the V and K magnitudes for extinction. The extinction values reported in Tables 1, 2 are either from the Pleiades catalog or have been derived by us for members with known spectral types. We calculated reddening using V − K and J − K intrinsic colors for dwarfs tabulated in Bessell & Brett (1988) (after converting them into the 2MASS system following transformations in Carpenter (2001)). The following reddening laws have been used: (Cambrésy et al. 2002) . Extinction in the 24 µm band has been neglected. Big symbols on Figs. 3, 4 represent dereddened magnitudes; small symbols are observed ones, since no spectral type information is available for these fainter members. Fig. 3 shows a color-magnitude diagram for our and Stauffer's combined sample. The upper envelope traces equal mass binaries. The debris disk candidates ( §4) are marked; none of them appears to lie on the binary sequence. Non-detected members within the MIPS field of view are shown as dots. One can see that at the age and distance of the Pleiades we are 100% complete at detecting photospheres earlier than K3 (0.8M ⊙ ), and in the absence of interstellar dust ("cirrus") could potentially sample photospheres as late as ∼M2 (0.4M ⊙ ). Fig. 4 shows the color-color diagram we use to identify members with excesses. Only objects with high quality 24 µm photometry are plotted. The V − K axis represents photospheric colors. The V and K bands are separated far enough in wavelength space to trace temperature/spectral type and hence luminosity and mass for main sequence stars. The NIR colors alone, though less affected by reddening, provide a smaller magnitude range and become non-monotonic at the B-A and K-M transitions. The K − [24] color on the other hand only weakly depends on the stellar temperature, since both bands fall on the RayleighJeans tail for objects as cold as early M dwarfs (T ef f >3200 K). In the 'Vega system' this color should therefore stay close to 0. Significant positive values indicate the presence of a circumstellar component.
Excess objects
Indeed, as Fig. 4 shows, the majority of stars between V − K = 0.05 to 3 (spectral types A to K5) cluster around K − [24] = 0, getting slightly redder with later spectral type. We regard this region as the locus of pure photospheric colors. It can be fitted as
The standard deviation of residuals for the 57 fitted stars is σ(K − [24]) = 0.051 mag, which is within the random uncertainty of our photometry.
Eleven stars however, including HII 1101 from Stauffer et al. (2005) , lie significantly redward of the non-excess locus, indicating K − [24] excess above the 3σ detection level. HII 1095 is another possible excess member, whose larger uncertainty puts it just below the 3σ confidence level. Two more, HII 1200 (outside of our field of view) and HII 514, may possess weaker excesses according to the photometry of Stauffer et al. (2005) . Despite the difference in the integration times (400 s per source in Stauffer et al. (2005) and 80 s in our survey), both studies observe a similar scatter in the K − [24] color for the solar-type "non-excess" stars -0.04-0.05 mag from the average 0 value. This makes it difficult to prove excesses in these two stars beyond the 3σ level; only HII 514 would pass the 0.15 mag threshold adopted in this work. All 14 suspected excess candidates are marked in Fig. 4 and highlighted in Table  2 ; they (as well as HII 152) have been excluded from the above fit to non-excess members. Excesses are seen around all spectral types down to K0 (and possibly mid-K, Table 1) , with values ranging from 0.1-0.5 mag for solar-type stars and 0.15-2.3 mag for early-type stars.
Could excess emission arise from a nearby object confused with a Pleiades member? The average offset between MIPS and 2MASS positions for members from Table 2 is 0.8 ′′ . Except for HII 514 and HII 1095, which are the faintest excess candidates, the 24 µm positions fall within a r=0.5
′′ circle around the 0.8 ′′ systematic offset on the ∆RA vs. ∆DEC plane, together with the majority of the non-excess members. Furthermore, they have flux densities above 2 mJy, and the previous studies have shown that the probability of a spurious excess due to chance alignment with a background giant star or galaxy at this flux level is small -0.1% per source (Gorlova et al. 2004; Stauffer et al. 2005) . Due to the proximity of the Pleiades to the ecliptic however, there is concern about asteroid contamination. We examined images of the detected Pleiades members for the presence of nearby companions without a 2MASS counterpart -signaling a medium-speed asteroid leaving a chain of images as it moves between successive scans. Also, when the object fell in the overlapping region between two fields, we could identify contamination by fast moving asteroids by comparing two images obtained a few days to a half year apart. A 'close companion' to HII 320 from Table 1 is one such example of likely asteroid contamination, but none are among the 14 excess candidates.
The strongest excess among point-like sources belongs to HII 2181 (28 Tau, Pleione). The third strongest excess is for HII 1432 (25 Tau, η Tau, Alcyone), the optically brightest member (Fig. 3) . Both stars belong to the Be, or 'classical', type of emission-line B-A stars. Two other emission stars, HII 468 (17 Tau, Electra) and HII 980 (23 Tau, Merope), may also possess excesses of ∼0.5 mag, but unfortunately bright nebulosities surrounding these stars make our measurements uncertain (placing them in Table 1 ). All four are post-MS stars, which is indicated by their giant or sub-giant luminosity classes, and fast rotators (vsini >200 km/s). The excess emission is probably free-free emission from gaseous Keplerian disks produced by radiation-driven mass loss and fast rotation (Waters 1986; Porter & Rivinius 2003) . The emission stage is episodic -once in about ∼10 years for reasons still debated these stars eject a shell that settles into a temporal disk in the equatorial plane. In some cases shell episodes coincide with the periastron passage of a companion (Gies et al. 1990) . Mass transfer in a binary system could also account for the spin up of the primary (Harmanec et al. 2002) . Pleione is a good example -fastest rotator, with biggest IR excess and a companion resolved with speckle interferometry (McAlister et al. 1989 ). On the other hand, any companion to Merope has escaped detection so far (Raboud & Mermilliod 1998) ; the only indirect evidence for one is the prominent X-ray emission (Daniel, Linsky & Gagné 2002) .
In the absence of spectroscopic information for the photometrically selected members in clusters other than the Pleiades, debris disk stars can be distinguished from emission-line stars by the absence of excess NIR emission in the former, since even the hottest candidate debris disks have T< 900 K (Uzpen et al. 2005) . Indeed, none of the rest of the 12 excess members possesses an excess in the 2MASS colors, nor is mentioned as an emission-line star. We therefore regard these stars as debris disk candidates.
The 24 µm images of the 9 debris disk candidates discovered in this work are shown in Fig. 5 ; the remaining 3 are from Stauffer et al. (2005) . The central contour is drawn at 1/2 of the intensity of the brightest pixel on the source, as a measure of the FWHM. As can be seen from these images, the excess emission appears symmetrical and unresolved within the MIPS beam of 6 ′′ , meaning that it is confined to <800 AU from the parent stars, consistent with the sizes of the nearby debris disks resolved in the mid-IR (Stapelfeldt et al. 2004; Su et al. 2005; Telesco et al. 2005) . The remaining contours are drawn at the level of the median sky intensity, representing the quality of the background. In all cases the background is flat or only tilted (HII 489 and HII 1284), but uniform within at least the first Airy ring where we measure the sky level, lending confidence to the reality of the detected excesses (compare with the uncertain excess candidates HII 1234 and HII 1061 from Table 1 shown in Fig. 2 ).
Properties of the debris disk candidates
We now discuss individual debris disk candidates in more detail. We arrive at a similar conclusion as Stauffer et al. (2005) : except for the 24 µm excess, the host stars for debris disks do not stand out as a group in any other properties. We find however that excesses are more frequent among early-type stars, and that the solar-type candidates are predominantly single stars.
IRAC excesses
All disk candidates, except for HII 1095, HII 2425 and Pels 58, have been also imaged with IRAC. None was found to show excess at wavelengths ≤ 8µm, similar to cirrus-free non-excess members (Stauffer et al. 2005 (Stauffer et al. , 2006 . This property provides yet another defense against false excesses from heated interstellar material, since in such cases we would expect to detect aromatic emission in the 6 to 8µm range. Stauffer et al. (2005) have modeled the spectral energy distribution (SED) from 0.3 to 30 µm in HII 1101. They found that the 24 µm emission arises from a 84 K disk with a central hole 13 AU in radius. Considering that V − K, IRAC and MIPS fluxes of our strongest solar-type disk candidate HII 1797 are very similar to HII 1101, it could be that a similar cold disk is observed in HII 1797 as well, and probably much different from the ones around the F9 dwarf in M 47 and M dwarf in NGC 2547 that have much stronger 24 µm excesses (Gorlova et al. 2004; Young et al. 2004) . Given the relatively few constraints, a variety of alternative disk models are also likely to be compatible with the SEDs of these stars.
Model Spectral Energy Distributions

Binarity
One can expect two opposite effects of binarity on debris disks. The circumstellar disks in binaries may be more truncated and the inner part of the circumbinary disk better cleared compared to the single stars, in which case one expects an anticorreletion between excess and binarity. On the other hand, a companion can stir up the debris disk prompting more collisions and greater dust production. In the field and for old (> 1Gyr) stars we find that binary systems may tend toward a higher incidence of 24um excess (Trilling et al., in preparation) . The Pleiades can in principle provide a useful comparison at a younger stellar age. We therefore discuss binarity for the Pleiades excess stars.
HII 2195 has been suspected to be a spectroscopic binary based on the scatter of the radial velocity measurements (Liu, Janes, & Bania 1991) . The number of observations however is too small to allow determination of the period. The speckle observations of Mason et al. (1993) did not detect any companion within 0.035-1 ′′ and less than 3 mag fainter than the primary. Raboud & Mermilliod (1998) consider this star to be single. The binarity status therefore remains to be confirmed.
As with HII 2195, HII 1284 was identified as a spectroscopic binary without a period in Liu, Janes, & Bania (1991) , but no companion was detected in the speckle observations of Mason et al. (1993) . Raboud & Mermilliod (1998) however consider it a single-lined spectroscopic binary and derive a mass for the companion of 0.86 M ⊙ , corresponding to spectral type G-K. Also, the weak X-ray emission detected within 2 ′′ by Chandra is consistent with emission from an "inactive late-type companion" (Daniel, Linsky & Gagné 2002) . It is interesting that HII 1284 is also a photometrically variable star (V1210 Tau). If indeed it belongs to the γ Dor pulsating type, with ∆V = ± 0.02 mag and P = 8 h (Martín & Rodríguez 2000) , this status could explain some of the radial velocity variations currently assigned to the invisible spectroscopic companion.
HII 1101 was suspected to be a photometric and spectroscopic binary in Soderblom et al. (1993) , confirmed as a spectroscopic binary in Queloz et al. (1998) . It was however considered a single star in Raboud & Mermilliod (1998) and most recently in Stauffer et al. (2005) . Clearly the above three stars deserve further spectroscopic monitoring to establish their binarity.
HII 1380 was reported as a visual binary in Anderson, Stoeckly, & Kraft (1966) , but binarity is not mentioned in more recent studies (Liu, Janes, & Bania 1991; Raboud & Mermilliod 1998; Dommanget & Nys 2000; Mason et al. 1993) . The position and photometric information in the Washington Double star catalog (Mason et al. 2001) indicate that the companion in question could be HII 1368. The proper motion of the latter, however, as well as its large separation (29 ′′ ) make it an unlikely cluster member.
The rest of the disk candidates -HII 489, 514, 996, 1095, 1200, 1797, 2425 -are apparently single stars, as indicated by radial velocity studies (Liu, Janes, & Bania 1991; Raboud & Mermilliod 1998) and their absence in the Hipparcos Visual Double Stars Catalog (Dommanget & Nys 2000) . Pels 58 is not mentioned in the above binarity studies, perhaps because it is located 1.3
• away from the core (the North-most square in Fig. 1) . Nevertheless, the consistency of the different radial velocity estimates reported for it in VizieR, and the suggestion of Kharchenko, Piskunov & Scholz (2004) to consider it a radial velocity standard indicate it to be a single star as well.
We looked at the 2MASS images of the disk candidates for physical companions within 15 ′′ that could have been missed in the optical studies (15 ′′ at the Pleiades distance corresponds to the maximum separation set by the dynamical interactions with other cluster members). Also we looked for any other objects within the MIPS beam (6 ′′ ) whose emission could be confused with the member flux. We found HII 2425 to have companion 11 ′′ north-east, which is visible in the 2MASS K band only. HII 1101 has a 2MASS companion 9 ′′ south-east, too faint however to identify its nature from the NIR colors. None of the remaining disk candidates has 2MASS counterparts within 15 ′′ . Fig. 5 shows that at 24 µm only HII 1284 reveals a companion (11 ′′ to the south-east, at RA=03:47:04.5, DEC=+23:59:32.7 ) with F 24 = 2.1 mJy. It is seen at the same location on the East and West sub-fields obtained few days apart. The absence of a 2MASS counterpart, meaning K > 14 m , and the small reddening of HII 1284, indicate that, if a Pleiades member, this object would have to be of very low luminosity (M6 or later) with a huge excess. The observed colors are too red for an optically thin debris disk, comparable only to excesses from primordial disks in much younger objects (Lada et al. 2006 , Muzerolle et al. 2006 . The companion to HII 1284 appears therefore to be an unrelated source.
We conclude that the debris disk candidates in the Pleiades are predominantly single stars. A few cases -HII 1284, HII 2195 and HII 1101 are possible, but unconfirmed, spectroscopic binaries. Thus our debris disk stars should be directly comparable with the field-star studies of Kim et al. (2005) and Bryden et al. (2006) that apply to predominantly single-star samples.
Rotation
The distribution of Pleiades rotational velocities with temperature/mass is bimodal. The first group includes all spectral types and has the upper envelope of the vsini distribution exponentially decaying toward later types, starting from above 300 km/s in B stars (e.g., Pleione), to 7 km/s in K, to 3 km/s in early Ms. The second group consists of late-type ultra-fast rotators, with velocities of 25-140 km/s (Stauffer et al. 1984; Soderblom et al. 1993; Queloz et al. 1998 ). All excess stars fall into the first rotation group formed by the majority of members. With the limited number statistics per spectral bin, we do not find significant correlation of the strength of the 24 µm excess with rotation. For example, the early members HII 2425 and HII 1380 share similar spectral types and fast rotation, but their excesses are markedly different. Half of the late-type ultra-fast rotators fall in the region of heavy cirrus (RA < 03 h 48 m , Fig. 1 ), making reliable measurement of their excesses impossible. The remaining are HII 2034, HII 1516, HCG 154, and possibly HII 174, none of which has an excess.
X-rays
Recent X-ray studies by Chandra (Daniel, Linsky & Gagné 2002) and XMM-Newton (Briggs & Pye 2003) surveyed areas in the cluster core just eastward of the heavy cirrus. The XMM-Newton field is a 30 ′ × 30 ′ area north-east of Alcyone and Maia. Except for the late K dwarfs HII 1110 and HII 1280, within this field we detect at 24 µm all 9 B9.5-K members detected also in X-rays, as well as two X-ray non-detections, the early A stars HII 1431 and HII 1028. None of these stars shows convincing IR excess. Two of them are possibly contaminated: HII 1234 is embedded in a smooth 0.5 ′ halo, while HII 1028 is somewhat extended for a point source. The Chandra field is an adjacent 16 ′ × 16 ′ area between Alcyone and Merope. There are 8 B6-K6 common detections between MIPS and Chandra, and two non-detections -the A stars HII 1362 and HII 1375. Because this area is strongly affected by cirrus, only 3 objects have reliable 24 µm photometry. Two of them, the mid-F spectroscopic binaries HII 1122 and HII 1338, do not have 24 µm excess. The third one, HII 1284, A9, is one of the 12 debris disk candidates. The X-ray emission is presumably coming from the spectroscopic "inactive late-type" companion (Daniel, Linsky & Gagné 2002) . Among 5 objects with questionable photometry, 3 may have 24 µm excesses: the Be star HII 980, A7 HII 956 and K5 HII 1061, all of which are suspected binaries. ROSAT observations are less sensitive but more complete in terms of the covered area. Micela et al. (1999) and Stauffer et al. (2005) provide X-ray fluxes for all the solar-type debris candidates (with upper limits for HII 1095 and HII 1200), and upper limits for B-A candidates (except for Pels 58). Chen et al. (2005a) noticed a possible anti-correlation between X-ray activity and debris disk presence, interpreting it as evidence for dust clearing by stellar wind drag. To test this correlation, we plot X-ray luminosities for the solar-like Pleiades members from Table 2 in Fig. 6 . The sizes of the circles represent the magnitude of the 24 µm excesses. As one can see, the disk candidates are not distinguishable from the diskless ones in this diagram (in agreement with Stauffer et al. (2005) ). Although we do not confirm the Chen et al. (2005a) finding, a larger sample is needed for a better test. In addition, the Pleiades stars are significantly older than the members of the Sco-Cen association studied by Chen et al., and the wind drag must be less effective because the stellar wind is weaker.
Lifetime of the 24 µm excess
We will now compare the excess rate for the Pleiades stars with results from other studies. Various authors use slightly different criteria to define a significant excess, dictated mainly by the precision of their IR measurements, and split their samples into slightly different spectral type/color bins, which are usually limited by the volume and detection limits of a given survey. Spectral type and binarity information are not available for the majority of cluster stars either. For a preliminary comparison with other studies we define those Pleiades members to have excesses that deviate by more than 0.15 mag (∼3σ) from the K − [24] locus of non-excess members as derived in §4. We calculate excess frequencies in the following spectral-type groups defined with colors (dereddened where possible): 1) early-type stars -B-A, or V − K ≤ 0.8; 2) solar-type stars -F-K3, 0.8 < V − K ≤ 2.7. We further compute excess fractions separately for single stars. In all cases only stars from Table 2 are used. For our total sample of non-emission early-type Pleiades stars we obtain an excess fraction of 25% (5 stars out of 20); for a subsample of single stars it is 33% (3/9). For solar-type stars we obtain correspondingly: 10% (4/40) based on our measurements only, 9% (5/53) when we include the 13 stars from Stauffer et al. (2005) , and for the single stars only in the combined sample -17% (5/30). Note that a 0.06 mag difference in [24] between us and Stauffer et al. (2005) puts HII 514 just below the boundary between excess and non-excess objects. Our 0.15 mag excess threshold also eliminates HII 1200 as an excess candidate, so we add only HII 1101 from Stauffer et al. (2005) as having a confirmed excess.
In Table 3 we compile Spitzer results on the 24 µm excess fractions in several young clusters and associations and in the field, separately for early-type and solar-type stars. They are binned into several age categories that roughly correspond to the main episodes of dust production in the Solar System -clearing of the primordial disk and vigorous collisions between growing planetesimals within the first 10 Myr; rare collisions between terrestrial planet embryos (e.g., the Earth-Moon creation at 30 Myr); possible migration of giant planets that stir smaller bodies and initiate collisional cascades (Late Heavy Bombardment at 700 Myr); and finally a constant process of dust production from colliding asteroids and evaporation of comets.
We derive another limit on debris disk excesses using G giants. G giants are tracers of the post-main-sequence evolution of A stars, unlike cooler K-M giants which are a mixture of stars with a wide range of masses and at various late evolutionary stages. Jura (1990) searched the IRAS Point Source Catalog for 60 µm excess emission in G giants. He found no confident excess among 36 giants. This allows estimation of an upper limit ǫ up on the true excess fraction, using the binomial distribution as appropriate for the small number statistics here. At a confidence level of 0.954 (that corresponds to ±2σ in the Gaussian approximation) ǫ up is calculated from ǫup 0
37(1 − ǫ)
36 dǫ = 0.954, resulting in ǫ up = 0.08. Based on a larger sample (that includes fainter stars) Plets et al. (1997) found the 60 µm excess fraction to be 0-3% for G giants, and even less at 25 µm. Kim, Zuckerman, & Silverstone (2001) reexamined a dozen IRAS excesses around G-K giants with ISO and found dust to extend at least a few thousand AU (with T < 100 K), which excludes a debris disk interpretation. We therefore adopt 8% as a conservative limit on the 25 µm excess fraction from debris disks around evolved stars of a few solar masses. Data from Table 3 are plotted in Fig. 7 .
An important new result is the high level of excesses at 24 µm for the roughly solar mass stars in the Pleiades compared to older field dwarfs. For the field dwarf sample, we have combined the work of Kim et al. (2005) , Bryden et al. (2006) , and Beichman et al. (2006, in preparation) into a total sample of 167 stars of solar mass and typical age >1 Gyr. Of these stars, two have excesses at 24 µm, compared with five of 53 solar mass stars in the Pleiades. We have used the binomial theorem to test the significance of this difference and find a probability of less than 0.3% that the two samples are drawn from the same distribution. That is, 24 µm excesses are more common at 100 Myr than at >1 Gyr at a statistically significant level.
The incidence of Pleiades 24 µm excesses appears to be higher still in stars of ∼ 2.5 M ⊙ (A-stars) -25% vs. 9% in solar mass stars (with a 96% confidence). Does this mean that debris disk masses are systematically greater in high-mass stars? For example, a broad range of masses was found for primordial disks around low-mass stars in Andrews & Williams (2005) , which may translate into varying planetesimal masses and give rise to a great variation in debris dust production. However, in the absence of photometry at longer wavelengths, one can not rule out that the observed difference in excesses is due to the difference in the stellar luminosity or in the spectral energy distribution. More luminous A stars are capable of heating up material to larger distances, resulting in a geometrically larger area that emits at 24 µm. On the other hand, radiation pressure which is the dominant dust removal mechanism around luminous stars, is also a function of wavelength. Stellar mass and wind are additional factors that enter the expressions for the forces acting on the dust particle (e.g., Chen et al. 2005b) . At this time it is not clear which of the these effects is the most important cause of the difference. While this observation awaits confirmation from other clusters, the decline in disk fraction with time for both A-and solar-type stars is similar. We thus qualitatively conclude that the disk evolution is similar over the 0.8 to 2.5 M ⊙ stellar mass range, and that a significant number of stars within this range are still producing debris at high levels in their planetary zones (∼1 -20 AU) at 100 Myr of age.
The apparent difference between field A-stars and field solar-type stars arises to first order simply because the A-stars are systematically younger. We can therefore use the solarmass stars as an indication of the evolution of debris disks past the main sequence lifetime of A stars. Twenty two of the sample of 167 solar-mass stars discussed above are detected at 70 µm (in general, the observations are deep enough to detect the stellar photospheres, although often at only low signal to noise). The rate of detection at this wavelength is 13±3%, compared with a rate of ∼1% at 24 µm. Su et al. 2006 , to be submitted to ApJ, demonstrates for the field A stars of various ages and Smith et al. (2006) for nearby B-K young stars, that the 70 µm excess fraction decays slower than the 24 µm one. We conclude that the decline of the 24 µm emission with age corresponds to the decline of the frequency of collisions or disruptive events within the inner parts of the planetary systems, corresponding to the asteroidal zone of the solar system. The outer parts detected at 70 µm, corresponding to the Kuiper Belt zone, evolve more slowly.
Terrestrial planets had formed in the Solar system at ∼30 Myr (Kleine et al. 2002) and presumably largely cleared material in the inner few AU region that we are probing at 24 µm. However, in different planetary system architectures, Moon-sized bodies within 1 AU may still survive by the Pleiades age of ∼115 Myr (Basri, Marcy, & Graham 1996) . Occasional collisions could give rise to intermittent excesses at 24 µm (Kenyon & Bromley 2005) . Another source of warm dust at this age could be occasional disturbances of the asteroid or cometary belts by migrating giant planets. Dynamical simulations show that giant planets can experience strong interactions near the mean motion resonances, resulting in dramatic episodes of scattering and producing a collisional cascade of the smaller bodies, perhaps explaining the Late Heavy Bombardment at 700 Myr in the inner Solar system (Gomes et al. 2005; Strom et al. 2005) . Kenyon & Bromley (2005) have quantified this picture in a series of simulations for a solar-type and an A-type star. The predicted evolution of the 24 µm excess can be directly compared to observations from our Figs 4 and 7. After 10 Myr an overall decline in 24 µm excess is predicted, but with levels that are always bigger for the more luminous A stars. Indeed, the average excess is observed to decline with age for both early and late-type stars, and the fraction of detected excesses appears smaller in the solar-type stars compared to the early-type ones (Fig. 7) . But how can we explain the observed range of excesses between stars of similar age and mass? For solar-type stars, the simulations show it can be explained by collisions within a few AU that produce short-lived excesses in amounts much bigger than the weak preexisting level. For A stars, however, the simulations behave differently: the 24 µm emission comes from distances up to 100 AU, and the excess from a single collision never competes with the excess from the bulk of the disk (compare Figs. 4 and 8 in Kenyon & Bromley (2005) ). This result also appears to contradict the observed extent of the Vega system (Su et al. 2005) . Therefore, explaining disk behavior as a function of stellar mass is an area requiring further investigation.
Conclusions
We have conducted a photometric survey for warm dusty disks in the Pleiades, the nearest medium-age (∼100 Myr) open cluster. At this age, terrestrial planet formation should be complete, and the inner few AU region is expected to be largely cleared of dust. The dust however can be temporarily replenished, either from occasional asteroid collisions or from the outer regions where giant planet migration may still be occurring. Indeed, we find 24 µm excess emission around nine B9-K0 non-emission stars. The fraction of B-A stars with excesses is 25%, comparing well to a similar age cluster M 47 (Gorlova et al. 2004 ).
Because of the proximity of the Pleiades, for the first time we can explore excesses in solar-mass stars down to the photospheric limit. Combined with the Stauffer et al. (2005) sample, we find that the incidence of 24 µm excesses for these stars, at 10%, is significantly higher than that for old field solar-mass stars, 1%. Thus, the clearing of debris in the planetary zone (∼1 -20 AU) for these stars takes a similar time as the similar process in A-stars, of order 100 million years. Comparing with the incidence of 70 µm excess in >1 Gyr old solar mass stars, 13±3%, it appears that the outer, Kuiper Belt -like zones of planetary debris clear much more slowly that the planetary zones seen at 24 µm.
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